Abstract-Addition of reinforcing material to improve the mechanical properties of heat-polymerized polymethyl methacrylate is being developed. One of them is by adding nano-chitosan gel. This study was aimed to investigate the effect of nano-chitosan gel addition on the impact strength of heat-polymerized polymethyl methacrylate denture base resin. Thirty pieces sample of an acrylic plate in size of 50x10x4 mm were divided into 6 groups: with the addition of nano-chitosan gel at the concentration of 0.25, 0.50, 0.75, 1.00, 1.50% and control group. About 2 ml of nano-chitosan gel was added into the mixture of acrylic resin with a P:L ratio (23gr:10ml). Then, the mixture was inserted into a mold and pressed. The curing process was performed at 74 o C for 120 minutes and then at 100 o C for 60 minutes. Acrylic plates were removed from the mold and polished. The impact strength of acrylic resin was measured with Charpy tester and data were analyzed by one-way ANOVA. The result showed that there was a significant difference in impact strength after the addition of nano-chitosan gel in different percentages. The addition of nano-chitosan gel with the concentration of 1.00% had the best impact strength which is 7.91 x 10 -3 J/mm 2 . In conclusion, the addition of nano-chitosan gel can be used to increase the impact strength of heat-polymerized polymethyl methacrylate denture base resin.
INTRODUCTION Acrylic resin is a commonly used material in denture base fabrication. The common use of polymethyl methacrylate resin in the fabrication of denture base is due to its several benefits, such as good biological properties, simple manipulation, good dimensional stability, and excellent esthetic, as it resembles the color of oral gingival [1] . In spite of these benefits, the heatpolymerized polymethyl methacrylate possesses several limitations, such as low mechanical properties which leads to the higher occurrence of fracture while falling, and while enduring mastication force in the mouth due to extensive usage [2] . One of the mechanical properties of heat-polymerized polymethyl methacrylate is its impact strength [1] . The fractures of acrylic resin denture base after several years of usage were 68% due to its impact strength [3] .
To improve the mechanical properties of acrylic resin denture base, the addition of reinforcing material is needed. Several types of reinforcing material are chemical, metal, and fiber, but recently, the use of the natural material is increasing. One of the natural reinforcing material is chitosan [4] . According to Petri et al (2007) , low molecular-chitosan-modified glass ionomer cement showed that addition of 0.0044% chitosan could increase the mechanical properties, such as flexural strength and flour release [5] .
Chitosan is one of the natural biomaterials that has recently undergone numerous developments as it possesses various medical benefits and is proven safe for human use. Chitosan has several special properties, such as good biocompatibility, biodegradable, mucoadhesion, non-toxicity, non-allergenic, and non-carcinogenic, which leads to its use as a common biomedical application [6] .
This study aims to determine the effect of high molecular nano-chitosan in different concentrations to the impact strength of heat-polymerized polymethyl methacrylate.
II. MATERIALS AND METHODS
Chitosan gel was fabricated by homogeneously diluting the high molecular nano-chitosan powder, respectively 0.25, 0.50, 0.75, 1.00 and 1.50 gr into 100 ml of 1% acetic acid in beaker glass filled with the magnetic stirrer on the 200-rpm hot plate for 30 minutes.
The chitosan solution was added with 20 drops of tripolyphosphate (TPP) while being stirred for 1-hour to reach gel consistency. The solution was put in the ultrasonic bath for 20 minutes to break the chitosan materials, then centrifuged for 30 minutes at 3600 rpm to break the chitosan materials into nanoparticles with size 240 nm (measured with Particle Size Analysis) (Figure 1 ). The residual gel would be added to heatpolymerized polymethyl methacrylate. The study samples were prepared in bars in size of 50x6x4 mm (ISO standard 1567;1999/Amd.1:2003). The total samples were 30 samples, divided into 6 groups, i.e. control group (without the addition of high molecular chitosan addition) and groups with 0.25%, 0.50%, 0.75%, 1.00% and 1.50% chitosan addition.
The mold of heat-polymerized polymethyl methacrylate was fabricated by mixing hard gyps and water (300 gr: 90 ml) to fill the bottom half of cuvette. Metal plates in size of 50 mm x 6 mm x 4 mm were implanted in the bottom half of the cuvette with their surfaces aligned to the hard gyps surface and left for setting ( Figure 2 ). The gyps and metal plate surfaces were covered with vaseline, and the top half of cuvette was assembled, before being filled with hard gyps and left for setting. After 45 minutes, the cuvette was assembled, and plates were retrieved. The gyps surface was then applied with cold mould seal. To fill the mold, polymer and monomer of heatpolymerized polymethyl methacrylate were mixed with comparison of 23 gr polymer : 10 ml monomer and 2 ml of nano-chitosan gel in respectively 0.25%, 0.50%, 0.75%, 1.00% and 1.50% concentration was added using scale pipe (control group received no addition of chitosan gel), and then stirred slowly. After reaching its dough-stage, the mixture was poured into the mold. Heat-polymerized polymethyl methacrylate was covered with the cellophane sheet, and then the top half of the cuvette was assembled, the cuvette was then pressed with 1000-Psi hydraulic press, and then dissembled. The excess acrylic was removed with lecron carver. The cuvette was re-assembled and was re-pressed with 1200-Psi pressure to create maximum contact of top and bottom halves of the cuvette, and fastened with screws. Then curing was performed in several stages. First, cuvette was put in 74 o C water bath for 120 minutes (Figure 3) . Second, the temperature was increased to 100 o C and left in the water bath for 60 minutes. Then, the cuvette was retrieved from the water bath and left for 30 minutes to cool. The acrylic samples were prepared to the desired sizes. III. RESULTS The study resulted in the datum of strength impact changes of three treatment groups. The mean value and standard deviation of impact strength test of all samples with and without the addition of 0.25%, 0.50%, 0.75%, 1.00% and 1.50% high molecular nano-chitosan gel can be observed in Table I . Graphic of strength impact value of heatpolymerized polymethyl methacrylate with and without the addition of 0.25%, 0.50%, 0.75%, 1.00% and 1.50% nano-chitosan gel can be seen in Figure 5 . Figure 5 . Graphic of impact strength value of heat-polymerized polymethyl methacrylate with and without addition of nano-chitosan gel 0.25%, 0.50%, 0.75%, 1.00%, and 1.50%. Figure 5 showed that all treatment groups of heatpolymerized polymethyl methacrylate presented changes of impact strength value in each group. Addition of 1 % nano-chitosan gel presented a significant increase of impact strength compared to other treatment groups.
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The normality test of this study showed a normal data distribution (p>0.05). In this study, the effect of 0.25%, 0.50%, 0.75%, 1.00% and 1.50% nano-chitosan gel was analyzed with one way ANOVA test, with the significance value of p=0. This proves the effect of 0.25%, 0.50%, 0.75%, 1.00% and 1.50% nano-chitosan gel addition to the impact strength of heat-polymerized polymethyl methacrylate. Table 1 showed the different mean values of the impact strength of heat-polymerized polymethyl methacrylate with and without the addition of 0.25%, 0.50%, 0.75%, 1.00%, and 1.50% nano-chitosan gel. Addition of high molecular nano-chitosan was an alternative to increase the impact strength of a heatpolymerized polymethyl methacrylate denture base material, as the particle size of the nano-chitosan material increases its quality, where smaller particles of chitosan create larger surface [7] . The use tripolyphosphate will create ionic bond strengthening the matrix of nano-chitosan [8] .
IV. DISCUSSION Results in
After addition of 1.50% nano-chitosan gel, the increase of impact strength is lower compared to the addition of 1.00% nano chitosan gel, this is due to high concentration of high molecular nano-chitosan gel which increases its viscosity compared to other addition of nano-chitosan gel. The higher percentage of chitosan solution is, the higher viscosity of the solution will be, thus, the addition of 1.50% nano chitosan gel will cause difficulty of gel diffusion to fill the poly (methyl methacrylate) particle space and affect its mechanical properties. In this case, the mechanical strength of the gel is determined by its viscoelasticity [6] .
Based on the study conducted by Trong-Ming (2001) to determine the structural changes and thermal properties of PMMA with the addition of 1-15 gr of chitosan, the best modified PMMA-chitosan structure was found in addition of 1 gr chitosan. In this study, the addition of 1.00% nano-chitosan gel is the optimum concentration to be added in PMMA denture base material.
During the polymerization process, a 0.2-0.5% of volumetric shrinkage occurs, leading to porosity and crack of the acrylic resin, resulting in a decrease of density and strength of the material [1] . Addition of nano-chitosan gel in a heat-polymerized polymethyl methacrylate denture base material will decrease the amount of porosity. This is consistent with the study of Wen-Chuan et al (2007) , which stated that pore-size and porosity of chitosan scaffolds will decrease along with the increase of chitosan concentration [9] . The membranous porosity of chitosan will decrease along with the increase of chitosan concentration.
Amer (2014) stated that during the polymerization process, bonding of polymer chains occurs where -CH3 in PMMA bonds with -OH in the chitosan polymer chain. In addition, carbonyl C=O cluster in the poly (methyl methacrylate) chain will bond with the NH2 in chitosan. This particular bond will increase the impact strength of heat-polymerized polymethyl methacrylate denture base material caused by the addition of nanochitosan gel. The interaction is illustrated in Figure 6 .
The more ionic bond formation found in polymer chain will create a three-dimensional continuous structure that is strong and rigid to certain force or pressure. According to Li Z et al (2016) , the mechanical strength of composite nanofibrous membrane increase along with the increase of chitosan/PMMA concentration [11] . This is similar to the result of this study which shows that addition of nano-chitosan gel on heat-polymerized polymethyl methacrylate denture base material increases its mechanical properties, one of them is the impact strength. Based on this study results, it can be concluded that there is an effect of 0.25%, 0.50%, 0.75%, 1.00% and 1.50% nano-chitosan gel addition in the heatpolymerized polymethyl methacrylate to its impact strength. Addition of 1.00% nano-chitosan gel in the heat-polymerized PMMA denture base material is the most compatible consistency to be used as reinforcing material to increase its impact strength.
